The Characteristic Variations of Be Spectra.-Spectrum variables of the Phi Persei type have wide emission lines of hydrogen centrally divided by absorption lines. The spectral variation consists mainly of a cyclic change of the relative intensities of the two components of each emission line. The same variations are exhibited simultaneously by all the hydrogen emission lines, although the changes are quantifatively greater for the lines of greater wave-length. A complete cycle may be regarded as a passage from the condition of equal emission components, through a stage in which the component of greater wave-length is the stronger, a second equality, thence through a stage in which the component of shorter wave-length is the stronger, followed by a return to equality. In the discussion which follows, we shall refer to the components of greater and lesser wave-length as the red and violet components, respectively. Emitting and Absorbing Levels in the Atmosphere of a Be Star.-In accordance with the suggestions of Rosseland,5 Struve,6 and others, we consider the atmosphere of a Be star to be of very great extent compared with the star itself; in effect it is to be regarded as a small planetary nebula, but the excitation is much lower than in the true planetaries, due to the lower temperature of the central star. For simplicity we shall consider the nebula to be composed of hydrogen alone. In the inner portion of this nebula the atoms would be frequently ionized by absorption of radiation from the continuous spectrum beyond the head of the Lyman series. Recombination of ionized atoms and electrons would result in the emission of the Lyman and Balmer series. Such a mechanism of the luminosity of gaseous nebulae has been proposed by Menzel7 and Zanstra.8
Beyond a certain distance from the star, the atoms would be shielded from the ionizing radiation by the absorption of that light by atoms closer to the star. The outer atmosphere would thus be denied the large supply of energy required for the production of strong emission lines, and the chief VOL. 19, 1933 observed effect of the atoms of the outer layers is found in the absorption lines which bisect the emission.
Suggested Mechanism of Be Variation.-The very considerable width of the emission lines of many constant Be stars, and of the variables at the time of equal components, is regarded as being due to rapid rotation of the stellar atmosphere as suggested by Struve.9 The star itself is thought of as rotating even more rapidly, so that the absorption lines produced in the reversing layer are enormously broadened. The outer atmosphere, producing the central absorption lines, is regarded as rotating more slowly than the regions of effective emission. In short, we consider the atmosphere so extensive and so rarefied that the atoms, to a first approximation, pursue independent orbits as satellites of the star.
We consider the star to be a temperature variable. In a B-type star the temperature is so high that a considerable change of temperature of the photosphere could occur without a conspicuous change of the visual or photographic brightness. To take a specific example, if the temperature changed from 15,0000 to 16,000°K., the visual brightness of the star, considered as a black body, would change only 0.13 magnitude. But the same change would produce a 69 per cent increase of the radiation of wavelength 1215 A (Lyman a). As a result, the selective radiation pressure acting on the hydrogen atoms would be increased and a general outward movement would be inaugurated.
It appears probable that the outward motion of an atom would be accelerated so long as it was within the region where radiation of wavelength 1215 A penetrated, but in the outer atmosphere it would be screened from that radiation by the absorption produced by lower-lying atoms, hence it would be retarded by the gravitational attraction of the star. One exception, however, should be noted; in some cases the acceleration is so great that before the atom reaches the region where it is screened from the radiation, it has already attained a vl,lpcity exceeding the velocity of escape. Such a star would show a spectrum of the P Cygni type, the emission line representing the gases ruhing from the star in all directions, and the absorption line displaced to the violet being produced by the gases approaching the observer on tie near side of the star. Such an explanation of spectra of P Cygni and Wolf-Rayet type has been given by Beals.'0
We now consider the result.nts of the velocities of rotation and expansion and in particular the line-of-sight components of these velocities. The light from the receding gas on the far side of the star and at the receding limb would pass freely through the appro chi,ng ggses in the atmosphere nearer the observer, since the Doppler effect of their relative velocities renders absorption impossible. On the other hand, light coming from the approaching gases of the inner atmosphere must pass through gases of the outer atmosphere which are also approaching, and much of such light would be absorbed. Thus, in figure 1 , the atoms A, B and C are incapable of absorbing the light emitted by D, E and F, so that the red component of the emission shines through brightly. The atom G would give some feeble emission, but this might be absorbed by F. The star would occult some rapidly receding gases, thereby cutting down the intensity of the extreme outer edge of the emission and having the effect of "uncovering" the broad ab-sorption line produced in the rapidly rotating stellar reversing layer. Light from the atom G' would not be absorbed, but its emission is relatively feeble. But light emitted by D', E' and F' would suffer a large loss from absorption by atoms A', B' and C', since all have velocities of approach of the same order of magnitude. Due to small differences of these velocities and to the probable smaller number of absorbing atoms, the absorption would probably not be complete, and the violet component would remain faintly visible. The central absorption line, displaced toward the shorter wave-lengths, is produced by approaching gases between the observer and the star.
Obviously the opposite inequality (violet component stronger) may be interpreted as due to a collapsing atmosphere. Since all stars of this type which have been sufficiently observed show cyclic changes in which the extreme values of the intensity ratio are reciprocals of one another, an oscillation or pulsation of the atmosphere is indicated. The only conspicuous exceptions to this rule are the P Cygni stars in which outward streaming is occurring constantly. It is noteworthy that no case is known of a reversal of the P Cygni structure.
It is not to be supposed that the emitting layers undergo the full change of size that would appear to be indicated by the velocities and the lengths of cycles. The velocities observed are those of individual atoms which stream outward from the region of emission to the absorbing shell and are constantly replaced from below by atoms ejected from the photosphere. The region of effective emission probably undergoes some change of size, but this is regarded as being considerably smaller than the distances traveled by the individual atoms. Even so, it appears that the increase in the amount of absorbing gas as the atmosphere expands should produce a marked increase in the intensity of the central absorption. There is some evidence of such a change in the case of Phi Persei, but the fact that it is not a conspicuous phenomenon must be admitted as one of the greatest difficulties of the proposed hypothesis.
Another formidable difficulty arises in connection with the postulated change of photospheric temperature. This should give rise to a very large change in the amount of energy available for photoelectric ionization of the atoms. Consequently, large changes in the total intensities of the emission lines should be expected. However, if the star is hottest at the beginning of the expansion and coolest at the beginning of the collapse, it is evident that the extent of the emitting atmosphere would have an effect just opposite to that of the temperature, and the total intensity of the emission might remain sensibly constant.
In invoking a change of temperature as the cause of the spectral variations of Phi Persei stars, the present hypothesis makes this type of variation simply a special case of stellar variation. This is not a radical de-parture, for some Be stars are known variables and others are suspected. The actual detection of the variations of most of these objects, however, would require many years of work with the photoelectric cell. The lack of knowledge of any variation of most of these stars cannot be admitted as evidence against the proposed hypothesis.
7Pub. Astron. Soc. Pacific, 38, 295 (1926 Marchal4 was the first to show that the powdery mildew of grasses, Erysiphe graminis DC., could be separated into races, differentiated by their host specialization. He was able to distinguish seven races: Tritici on some of the species of Triticum, Hordei on a number of species of Hordeum, Secalis on species of Secale, Avenae on several species of Avena and on Arrhenatherum elatius, Poae on a number of species of Poa, and Agropyri on Agropyron. Salmon,78 Reed,566 Mains,' Mains and Dietz,2 Mains and Martini3 and Vavilov10"' have made extensive studies of several of these races and have shown that resistant varieties occur in a nuimber of the susceptible species. In previous studies (Mains and Dietz2), it has been shown that the powdery mildew on species of Hordeum can be separated into five physiologic forms, distinguished by differences in the reaction of varieties of barley.
An investigation of the powdery mildew of wheat, Erysiphe graminis Tritici, has now shown that there are at least two physiologic forms in this race. These forms are sharply differentiated by the reaction of several varieties of wheat. These studies were made with seedlings inoculated in the greenhouse during the winter months. The technic of inoculation has been described in detail in previous publications,"2'3 giving the results of the study of other races.
Results with Physiologic Form 1.-In 1923, an extensive study of 590
